BACKGROUND/OBJECTIVES: To establish new reference values for triceps (TSF) and subscapular (SSF) skinfolds of Norwegian children 4-16 years of age, and to define cutoff values for overweight and obesity using the criteria of the International Obesity Task Force (IOTF). SUBJECTS/METHODS: A cross-sectional sample of 4606 children 4-16 years of age, part of a larger growth study, was used to estimate reference curves with the LMS method; suggested cutoffs were selected using receiver operating characteristic analyses. RESULTS: Reference values for TSF and SSF are presented as percentiles. Mean skinfold size increased with age. Girls had higher values than boys over the entire age range. There was a strong positive correlation between both skinfolds and body mass index (BMI). For all ages together, a cutoff of 1.0 standard deviation score (SDS) gave a sensitivity of 76% for SSF, and 70% for TSF to detect overweight, with a corresponding specificity of 92% for both. To detect obesity, a cutoff value of 1.3 SDS gave a sensitivity of 91% and specificity of 90% for SSF. Corresponding values for TSF were 86% for the sensitivity, and 91% for the specificity. CONCLUSIONS: This study presents new reference values for TSF and SSF skinfolds in Norwegian children 4-16 years of age. Both skinfolds had a high-discriminating power to detect overweight and obesity as defined by the IOTF BMI criteria.
INTRODUCTION
The measurement of growth and body composition of children to assess their health and nutritional status has a long history. In the past, these assessments were primarily aimed at screening for under-and malnutrition, but are now in welfare societies just as important to assess excess body fat in the individual. In the US and in parts of Europe, prevalence rates of overweight among children up to 30% have been reported.
1,2 Sex-and age-specific body mass index (BMI) has been recommended internationally to screen for overweight and obesity among children. 3 The BMI is based on height and weight only, and consequently it is not a direct measure of fat tissue. 4 Radiological methods like Dual-energy X-ray absorptiometry and MRI-scans, total body water and total body electrical conductivity, measure fat tissue directly or can be used indirectly to calculate the total body fat. 5, 6 These methods are, however, often not available and simple anthropometric measurements of fat accumulation at specific sites are therefore still a valuable alternative. Measuring skinfold thickness is an inexpensive, simple and non-invasive method. Skinfold thickness is a proxy for subcutaneous fat that is well correlated with total body fat. 7, 8 Although measurements of triceps (TSF, regional) and subscapular (SSF, central) skinfold thicknesses have been recommended as part of the clinical assessment of obese children, 9 this recommendation has been challenged in later works where skinfold measurements did not seem to provide additional information about excess body fat beyond BMI-for age alone in very overweight children. 10, 11 However, skinfolds have been found useful monitoring overweight on a population basis. [12] [13] [14] By comparing data from 2003 to 2006 with data from the 1970s, we have previously demonstrated that there has been a prominent increase in skinfold thicknesses among Norwegian children that exceeds the corresponding increase in weightfor-height. 12 Furthermore, it was shown that skinfold thickness increased in both the lower and upper percentiles while the lower percentiles of weight-for-height were relatively unaffected. This raises the question whether increased fat accumulation was on the expense of muscle or bone development.
Norwegian skinfold references date back to a study conducted in 1971-74. 15 The aim of the present study was to provide an update of skinfold reference data for Norwegian children, and to investigate the feasibility of choosing appropriate cutoffs using the International Obesity Task Force (IOTF) BMI criteria for overweight and obesity as an external standard.
MATERIALS AND METHODS

Subjects and measurements
Data were collected as part of the Bergen Growth Study 2003-2006, previously described by Juliusson et al. 16 This is a cross-sectional study of growth and development in a sample of 8299 Norwegian children 0-19 years of age. The data from this study were the effective basis of the new national growth references for Norwegian children. The present cohort included 4606 healthy children (2325 boys and 2281 girls) between 4 and 16 years of age. Children with another ethnicity were not excluded as their inclusion did not affect the prevalence of overweight/obesity. 16 Children were recruited and measured in a random selection of 34 kindergartens (response rate 57%), and 24 schools (response rates 69% in grades 1-7, 53% in grades 8-10, and 45% in high school). All measurements were performed by a limited number (n ¼ 14) of trained health-care workers using a standardized technique. Skinfolds were measured on left side with a Holtain Tanner/Whitehouse Skinfold Caliper, Croswell, UK. The TSF skinfold was picked up by the thumb and forefinger over the posterior part of TSF and measured in the middle between the superior and lateral border of acromion and the proximal and superior border of caput radii, with the arm hanging straight. The SSF skinfold was picked up inferomedially just below the inferior angle of scapula. The caliper was placed about 1 cm below the edge of the fingers. The technical error of measurement was assessed from a series of biannual test-retest studies of 8-10 children during the data collection period. The intraobserver error, calculated from the difference between 116 duplicate measurements over all observers was 0.70 mm for SSF, and 0.81 mm for TSF. The inter-observer error, estimated from replicates taken by different observers (one measurement per observer, for convenience the first measurement was used) was 1.25 mm for SSF, and 1.57 mm for TSF.
Statistical analysis
Children were grouped by age at last birthday (calendar age) for descriptive statistics. The Mann-Whitney U-test was used to test for differences between sexes. The associations between BMI, TSF and SSF, were tested with Pearson correlation, using Z-scores. Statistical significance was considered when the test probability was below 0.05. Smoothed percentile curves for skinfolds were estimated with the LMS method. The amount of smoothness is determined by assigning a number of equivalent degrees of freedom (edf) for the skewness, median and coefficient of variation. An appropriate number of edf was selected using the deviance, q-tests and age-specific normal quantile plots of the model residuals as described by Pan and Cole. 17 For TSF skinfold, we used 4 edf in boys and 3 edf in girls for the power to remove skewness (L), and 6 edf for the median (M) and 4 edf for the coefficient of variation (S) in both sexes. For SSF skinfolds we used 3(L), 4(M) and 3(S) edf for boys, and 3(L), 5(M) and 4(S) edf for girls. The ability of TSF and SSF to detect overweight or obesity as defined by the IOTF criteria was investigated with receiver operating characteristic analysis. The discriminating power was expressed as area under the curve (AUC 95% CI). Reference curves were fitted using LMS Chartmaker version 2.3 (Medical Research Council, London, UK) and R. Descriptive statistics were calculated with SPSS Rel.19.0 (SPSS Inc. Chicago, IL, USA) and R version 2.15.0 (R Development Core Team, Vienna, Austria).
Ethics and approvals
The Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate have approved the Bergen Growth Study. A signed informed consent was obtained from parents of each participating child. Above 12 years of age, the informed consent was also signed by the child.
RESULTS
Descriptive statistics for weight, height, BMI, TSF and SSF by age are presented in Table 1 . As weight, BMI and skinfolds are not normally distributed and sometimes heavily skewed, medians and first and third quartiles are given for these traits. Corresponding LMS coefficients, model percentiles and cutoff values at the exact ages are listed in Tables 2 and 3 for SSF and TSF, respectively. Intermediate values can be calculated with linear interpolation. The prevalence of overweight, including obesity as defined by IOTF, with corresponding 95% CI was 12.97% (11.7-14.4%) in boys and 14.73% (13.3-16.2%) in girls. The prevalence of obesity was 2.2% (1.6-2.9%) in boys and 2.8% (2.2-3.6%) in girls. The median skinfold thickness shows a gradual increase from B6-8 years of age, which continuous over the whole age range, except for TSF in boys, which shows a local maximum at 12 years and decreases thereafter ( Figure 1 ). The lower percentiles are similar in shape as the median, but the þ 2s.d. line shows a local maximum at about 12 years of age in boys and 10 years of age in girls. Girls had significantly higher values for both skinfolds at all ages compared with boys (Mann-Whitney U-test, all ages, Po0.01). There was a strong positive correlation between BMI and skinfolds, and between the two skinfolds in both sexes and for all ages. References Abbreviations: L, skewness; S, coefficient of variation.
a Exact age (years).
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When converted to Z-scores the correlation was weakest between BMI and TSF in 4-6 year old children (r ¼ 0.60, 36% shared variance), but increased with age. For both sexes and all ages combined, the correlation coefficient was 0.71 between BMI and TSF (50% shared variance), 0.76 between BMI and SSF (58% shared variance) and 0.75 between TSF and SSF (56% shared variance) (all Po0.01). Receiver operating characteristic analyses showed that both skinfolds had a high discriminating power to detect overweight and obesity as defined by IOTF (Figure 2 ). The theoretically best result is the point closest to the upper left corner, where both sensitivity and specificity are high. To detect overweight in all age groups together, this point was located at a cutoff of 0.7 SDS, with 86% sensitivity and 85% specificity for SSF, and 83% sensitivity and 84% specificity for TSF. To keep the rate of false positive at 10% we suggest a cutoff of 1.0 SDS as the best trade-off with a specificity of 92% for both SSF and TSF, and corresponding sensitivity of 76% for SSF, and 70% for TSF. A cutoff of 1.0 SDS corresponds to the 84th percentile. For obesity the theoretically best result for both TSF and SSF in all age groups combined, was 1.2 SDS, which has a sensitivity of 95% and specificity of 89% for SSF, and a sensitivity of 90% and specificity of 89% for TSF. By increasing the cutoff to 1.3 SDS the specificity increased to 90% for SSF, and 91% for TSF, while the sensitivity decreased to 91% for SSF, and to 86% for TSF. A cutoff of 1.3 SDS for obesity corresponds closely to the 90th percentile. In general the sensitivity of a given percentile was higher for SSF than for TSF, while the specificity was quite comparable. The specificity remained high in all age groups, while sensitivity was lower in the youngest age groups (see Supplementary Table 1 ).
DISCUSSION
The current paper presents new references for skinfolds in Norwegian children 4-16 years of age, based on data from The Bergen Growth Study. This study has earlier provided references that are currently being used for monitoring growth of Norwegian children. 18 All measurements were performed by a limited number of trained health-care workers, which ensured a high quality of measurements, with relatively low measurements errors. The Norwegian skinfold references are comparable with recently published reference data from Germany 19 except in the upper percentiles, where German children had larger skinfolds. Compared with references from a multicenter study in Spanish adolescents, 20 the corresponding percentiles were lower in Norwegian children, and this difference was again more prominent in the upper percentiles. These comparisons should be treated with care, as they may also depend on the measuring technique and equipment, for example, by using different calipers. However, the pattern with a north-south gradient in Europe is recognized also from the prevalence of overweight and obesity, and in waist-circumference references. 21 The age patterns and differences between boys and girls in the distribution of both SSF and TSF largely reflect known changes in body composition and sexual dimorphism. The latter is present already from a very young age, as described by others, 22 and probably reflect the presence of more muscle tissue and lean body mass in boys, and more fat mass in girls. 23 Both age and sex differences have also been observed in the prevalence of overweight and obesity in our population. 16 Although some authors have found a relationship between skinfolds and metabolic risk factors, 24 we have not found any paper suggesting clinically based cutoffs for skinfolds. As percentiles are prone to changes over time because of secular trends, and may also differ between populations, an arbitrary choice of a percentile can never serve as a standard definition of overweight. In this study, we have proposed cutoffs using the widely accepted IOTF BMI criteria for overweight and obesity as a reference. The receiver operating characteristic analyses showed that both skinfolds had a high discriminating power to detect overweight and obesity, with area under the curve values close to one. For simplicity, we propose a single SDS cutoff for the whole age range, although there is some variation in the optimal cutoff between age groups, especially regarding the sensitivity. This is evident from Supplementary Table 1, and can also be deduced from Supplementary Figure 1 , where the median SSF and TSF in overweight and obese children do not completely follow the same pattern compared with the percentiles from the reference curve. On the basis of similar findings, Adoo and Himes 25 concluded that a single percentile cutoff was not appropriate for identifying overweight and obesity as defined by the BMI. Without additional analyses, the proposed cutoffs only apply to the skinfold references presented in this paper, but the selection procedure can be used in other populations.
The specificity of the proposed cutoffs is somewhat lower than recommended for population based screening programs, except for obesity in the highest age group. Skinfolds are, however, unlikely to be used for routine monitoring, but are more suitable in a clinical setting, for example, for monitoring treatment progress in an obesity clinic, where the prevalence is high, and in population based studies of fat patterns. When physical activity increases as part of an obesity-treatment program, the muscle mass is expected to increase, giving less reduction in weight and BMI. Therefore, skinfolds could be a valuable addition for monitoring a combined treatment approach.
We have also experienced the need for alternative measures of body compositions, for instance in disabled children. Measuring height is challenging in some of these conditions, and consequently, the usual BMI-based definitions do not apply. Skinfold references may provide an alternative way of assessing overweight in these children.
In epidemiological studies, skinfolds have been used to monitor overweight trends in populations. 12, 13 In Norway, secular changes in skinfolds were larger compared with changes in weight-forheight, and the secular increase was evident for all percentiles, including the lower ones, whereas the lower percentiles of weightfor-height remained unchanged during the last 30 years. 12 This is a clear indication of a secular increase in subcutaneous fat in the whole childhood population, and raises the question whether the increase in fat mass is on the expense of muscle or bone mass. This observation illustrates that anthropometric assessments other than weight-for-height indices provide important supplemental information in population-based studies.
It is well known that the measurement error of skinfolds is relatively high compared with that of other anthropometric traits, and largely depends on the experience of the observer. In our study, we were able to maintain measurement errors, both within and between observers, to reasonable values by training of staff members and standardization sessions. It is equally feasible to control observer reliability in obesity clinics and in research studies, when a limited number of trained staff members are involved. The use of skinfold measurement in a primary care setting may, however, face the problem of standardization and measurement reliability.
In conclusion; the current paper presents skinfold references in Norwegian children. Both TSF and SSF skinfolds had a high discriminating power to detect overweight and obesity as defined by the IOTF BMI-based criteria. We believe that skinfolds are a valuable tool to monitor changes in subcutaneous fat in obesity treatment programs, and to study trends in fat patterns in epidemiological research. 
